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(54) Refrigerator 

(57) In a refrigerator, an intermediate heat 
exchanger (16) as an evaporator in the refrigeration 
cycle (11) in which a flammable refrigerant is sealed is 
provided inside of a heat insulating material (2). A heat 
transferring device is provided between the intermedi- 
ate heat exchanger (16) and a heat exchanger (31) for 
cooling. At the time of stop and occurrence of the refrig- 
erant leakage, the refrigerant inside of the intermediate 
heat exchanger (16) is recovered into the condenser 
(13) or into the refrigerant recovery cylinder (61) so that 
even if the refrigerant leaks out, a leaked amount of the 
refrigerant into the refrigerator is reduced. 
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Description 

The present invention relates to a refrigerator, and 
more particularly to a refrigerator using a flammable 
refrigerant and a condenser. s 

In recent years, since refrigerants which contain 
chlorine atoms, such as a refrigerant CFC (chlorofluoro- 
carbon)-12 and HCFC (hydrochlorofluorocarbon)-22, 
which have been used in the refrigeration cycle, are now 
regulated for the protection of the ozone layer, a need jo 
has arisen to replace these refrigerants with refrigerants 
that are incapable of destroying the ozone layer. As 
such refrigerants that are incapable of destroying the 
ozone layer, HFCs (hydrofluorocarbons) can be consid- 
ered. For example, the Manual for Reducing Usage of is 
Ozone Layer Destroying Substances, which was pub- 
lished in July 1991 by the Industrial Association for Pro- 
tective Measure for the Ozone Layer, describes on 
pages 54 to 56 that HFC-134a is the most possible sub- 
stance as an alternative refrigerant for CFC-1 2, which is 20 
currently used in refrigerators. 

However, HFC- 134a has a larger global warming 
potential than carbon dioxide gas, so HFC-134a is not 
desirable from the viewpoint of the protection of the glo- 
bal environment. 25 

As an alternative refrigerant which is incapable of 
destroying the ozone layer and has a low global warm- 
ing potential, HC (hydrocarbon) type refrigerants can be 
considered. However, HC type refrigerants are flamma- 
ble, so it is necessary to ensure safety in using the HC 30 
type refrigerants so that fire and explosion will not occur 
even when the refrigerant leaks out in an accidents or 
the like. 

As means for preventing fire and explosion in the 
case of using a flammable refrigerant in the refrigeration 3s 
cycle, for example, the Japanese Patent Unexamined 
Publication No. HEI 7-55298 discloses an air condi- 
tioner having a refrigeration cycle wherein contact 
between sparks at contact points and a flammable 
refrigerant therearound is prevented by sealing the con- 40 
tact points of the control relays. 

However, in the aforementioned prior art, there is a 
problem in that fire and explosion may occur with an 
outside ignition source (such as spark generated at a 
relay contact point in an adjacent device). Further, when 45 
the flammable refrigerant leaks out from the refrigera- 
tion cycle, almost all the flammable refrigerant will be 
discharged to the outside. Thus, a problem arises in that 
the flammable refrigerant is filled in over a wide range 
so that there is a danger of explosion. so 

To solve the aforementioned problem in the prior 
art, an object of the present invention is to provide a 
refrigerator using a flammable refrigerant, which 
reduces the leakage amount into the interior of the 
refrigerator even when the flammable refrigerant leaks 55 
out from the refrigeration cycle and which is capable of 
averting the danger of fire and explosion. 

Furthermore, another object of the present inven- 
tion is to provide a refrigerator wherein the leakage 



amount of the refrigerant will be small even if the refrig- 
erant leaks out. 

Furthermore, another object of the present inven- 
tion is to provide a refrigerator which, when the flamma- 
ble refrigerant leaks out, recovers the flammable 
refrigerant which is held in the inside of the evaporator, 
piping and the like toward the condenser side in order to 
reduce the leakage of the flammable refrigerant to avert 
the danger of fire and explosion. 

Furthermore, another object of the present inven- 
tion is to provide a condenser wherein the refrigerant 
flow path area is largely reduced even while securing a 
heat transfer area so as to largely reduce the sealed 
amount of refrigerant. 

According to the present invention, a refrigerator is 
provided comprising a compressor, a condenser, an 
expansion device and an evaporator which are function- 
ally connected with each other, and a refrigeration cycle 
in which a flammable refrigerant is sealed, character- 
ized in that provided is heat transfer means for transfer- 
ring heat obtained from a heat exchanger for cooling air 
in a compartment to the evaporator. 

According to the present invention, a refrigerator is 
provided comprising a compressor, a condenser, an 
expansion device and an evaporator which are function- 
ally connected to each other, and a refrigeration cycle in 
which a flammable refrigerant is sealed, characterized 
in that the evaporator is embedded in a heat insulation 
material and provided is heat transferring means for 
transferring heat obtained from a heat exchanger for 
cooling air in a compartment to the evaporator embed- 
ded in the heat insulating material. 

The aforementioned heat transferring means is 
constituted by a thermosiphone. Furthermore, the 
aforementioned heat transferring means may be consti- 
tuted by an antifreezing solution circulation system in 
which the antifreezing solution is circulated. 

Furthermore, according to the present invention, a 
refrigerator is provided comprising a compressor, a con- 
denser, an expansion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 
characterized in that the evaporator is constituted by 
fins provided on a cooling surface of a compartment and 
a flow path for flammable refrigerant formed on a rear 
surface of the member opposite to the compartment, 
and the compartment is cooled via the fins and the cool- 
ing surface. 

Furthermore, according to the present invention, a 
refrigerator is provided comprising a compressor, a con- 
denser, an expansion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 
characterized in that provided are shut off means for 
controlling the flow of the flammable refrigerant flowing 
from the condenser to the expansion device, and check- 
ing means for preventing the flammable refrigerant in 
the compressor from reversely flowing to the evapora- 
tor. 
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Furthermore, according to the present invention, a 
refrigerator is provided comprising a compressor, a con- 
denser, an expansion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 5 
characterized in that the refrigeration cycle is structured 
so that the flammable refrigerant held in the evaporator 
is recovered into the condenser or a refrigerant cylinder. 

Further, according to the present invention, a refrig- 
erator is provided comprising a compressor, a con- 10 
denser, an expansion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 
characterized in that refrigerant leakage detecting 
means for detecting leakage of the flammable refriger- 
ant to a compartment or the outside is provided and the 
refrigeration cycle is structured so that at least the flam- 
mable refrigerant held in the evaporator is recovered 
into the condenser or a refrigerant cylinder when the 
refrigerant leakage detecting means detects leakage of 
the flammable refrigerant. 

Furthermore, according to the present invention, a 
refrigerator is provided comprising a compressor, a con- 
denser, an expansion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 
characterized in that provided are shut off means for 
controlling the flow of the flammable refrigerant that 
flows from the condenser to the expansion device, 
checking means for preventing the flammable refriger- 
ant in the condenser from reversely flowing to the evap- 
orator, refrigerant leakage detecting means for 
detecting leakage of the flammable refrigerant to a com- 
partment or the outside, and a controller for controlling 
so that when the refrigerant leakage detecting means 
detects leakage of the flammable refrigerant, the shut 
off means is closed and operation of the compressor is 
stopped after a predetermined time is lapsed from the 
closure of the shut off means and at least flammable 
refrigerant held in the evaporator is recovered into the 
condenser or into a refrigerant recovery cylinder. 

Furthermore, according to the present invention, a 
refrigerator is provided comprising a compressor, a con- 
denser, an expansion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 
characterized in that refrigerant leakage detecting 
means is provided for detecting leakage of the flamma- 
ble refrigerant into a compartment or to the outside, and 
a refrigerant leakage display is provided for displaying 
the leakage of flammable refrigerant which is detected 
by the refrigerant leakage detecting means. 

Furthermore, according to the present invention, a 
refrigerator is provided comprising a compressor, a con- 
denser, an expansion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 
characterized in that shut off means for controlling the 
flow of the flammable refrigerant flowing from the con- 



denser to the expansion device, and checking means 
for preventing the flammable refrigerant in the compres- 
sor from reversely flowing to the evaporator are pro- 
vided, and a controller is also provided for controlling to 
stop the operation of the compressor after a predeter- 
mined time is lapsed from the closure of the shut off 
means. 

Furthermore, according to the present invention, a 
refrigerator is provided comprising a compressor, a con- 
denser, an expansion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 
characterized in that electric parts which serve as igni- 
tion sources are accommodated in a sealed vessel, and 
the sealed vessel is set in the vicinity of the top part of 
the refrigerator. 

Furthermore, according to the present invention, a 
refrigerator is provded comprising a compressor, a con- 
denser, an expansion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 
characterized in that the refrigeration cycle performs 
defrosting operation. 

Furthermore, according to the present invention, a 
refrigerator is provided comprising a compressor, a con- 
denser, an exapnsion device and an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is sealed, 
characterized in that a fan set in the compartment has 
an explosion-proof construction. 

Furthermore, according to the present invention, a 
refrigerator is provided comprising a compressor, a con- 
denser, an exapnsion device and. an evaporator which 
are functionally connected to each other, and a refriger- 
ation cycle in which a flammable refrigerant is seated, 
characterized in that the condenser has an inlet for 
refrigerant, an outlet for refrigerant, a refrigerant path for 
connecting the inlet to the outlet, and fins for promoting 
cooling of the refrigerant in the refrigerant path, and the 
refrigerant path is formed by two curved surfaces of two 
different kinds of curvatures (one of them includes an 
infinite curvature). 

Furthermore, according to the present invention, a 
condenser is provided which has an inlet for refrigerant 
and an outlet for refrigerant, a refrigerant path for con- 
necting the inlet to the outlet, and fins for promoting 
cooling of the refrigerant in the refrigerant path, and the 
refrigerant path is formed by two curved surfaces of two 
different kinds of curvatures (one of them includes an 
infinite curvature). The refrigerant path is formed by 
brazing together two metal plates which respectively 
have grooves of different curvatures. In the condenser, 
the refrigerant path has a cross section reduced toward 
the outlet. The refrigerant path of the condenser has a 
changing curvature in the flow direction of the refriger- 
ant so that the cross section of the path is reduced 
toward the outlet. 

In the aforementioned structure, when a flammable 
refrigerant such as a mixture of propane and isopro- 
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pane, which poses no problem in terms of the protection 
of the global environment, is used in the refrigeration 
cycle of the refrigerator, the direct infiltration of the flam- 
mable refrigerant into the compartment is prevented 
even when the flammable refrigerant leaks out the evap- 5 
orator or piping, with the result that the danger of fire 
and explosion of the refrigerator can be avoided. 

Further, in the aforementioned structure, the flam- 
mable refrigerant which is held, for example inside of 
the evaporator or the like, can be recovered into the 10 
condenser or into the refrigerant recycling cylinder. 
Consequently, when a flammable refrigerant such as a 
mixture of propane and isopropane, which pose no 
problem in terms of the protection of the global environ- 
ment, is used, almost all the flammable refrigerant can 75 
be recovered into the condenser or into the refrigerant 
recycling cylinder, even when the flammable refrigerant 
leaks out the evaporator or the like, and the leaked 
amount of the flammable refrigerant can be reduced as 
much as possible, and the danger of fire and explosion 20 
of the refrigerator can be avoided. 

Further, in the aforementioned structure, the evap- 
orator is embedded in a heat insulating material. Conse- 
quently when the flammable refrigerant such as a 
mixture of propane and isopropane, which pose no 25 
problem in terms of the protection of the global environ- 
ment, is used, the intrusion of the flammable refrigerant 
into the compartment can be avoided even when the 
flammable refrigerant leaks out the evaporator. As a 
consequence, the danger of fire and explosion of the 30 
refrigerator can be avoided. 

Further, in the aforementioned structure, the instal- 
lation place for the evaporator can be arbitrarily 
selected. For example, when the evaporator is installed 
outside of the compartment, the direct infiltration of the 35 
flammable refrigerant into the compartment can be pre- 
vented even when the flammable refrigerant leaks out 
the evaporator. As a consequence, the danger of fire 
and explosion of the refrigerator can be avoided. 

Further, in the aforementioned structure, the area 40 
of the refrigerant path can be largely reduced even while 
securing a heat transferring area, with the result that a 
condenser can be realized wherein the sealed amount 
of refrigerant is largely reduced. 

The present invention will be described by referring 45 
to the accompanying drawings. 

Figure 1 is a structural view of a first embodiment of 
a refrigerator according to the present invention; 
Figure 2A is a structural view showing a first 50 
embodiment of a condenser according to the 
present invention; 

Figure 2B is a sectional view taken along line IIB-IIB 
in Figure 2A; 

Figure 3A is a structural view showing one embodi- 55 
ment of an intermediate heat exchanger according 
to the present invention; 

Figure 3B is a sectional view taken along line IIIB- 
IIIB in Figure 3A; 



Figure 4 is a partial sectional view which is the 
same as Fig. 2 showing a modified form of the first 
embodiment of the condenser of the present inven- 
tion; 

Figure 5 is a structural view showing a second 
embodiment of a condenser according to the 
present invention; 

Figure 6 is a structural view of a second embodi- 
ment of a refrigerator according to the present 
invention; 

Figure 7 is a structural view a third embodiment of 
a refrigerator according to the present invention; 
Figure 8 is a sectional view showing a detailed 
structure of the evaporator shown in Figure 7; 
Figure 9 is a structural view showing a fourth 
embodiment of a refrigerator according to the 
present invention; and 

Figure 1 0 is a time chart at the time of the detection 
of leakage of the refrigerant in the refrigerator 
according to the fourth embodiment. 

A first embodiment of a refrigerator according to the 
present invention, a first embodiment of a condenser 
and an embodiment of an intermediate heat exchanger 
are explained by referring to Figures 1 through 3. Refer- 
ence numeral 1 denotes a main body of a refrigerator, in 
the main body of the refrigerator 1, an inside compart- 
ment 70 is covered with a heat insulating material 2 so 
that the compartment 70 is partitioned into a freezing 
compartment 3 and a refrigerating compartment 4. In 
addition, the freezing compartment 3 has partition 
shelves 5 and a freezing compartment door 9 having 
door pockets 7 for containing small packages of food. In 
addition, the refrigerating compartment 4 has partition 
shelves 6 and a refrigerating compartment door 10 hav- 
ing door pockets 8 for containing small packages of 
food. 

Further, to cool the compartment 70 inside of the 
main body 1 of the refrigerator, there are provided a 
refrigeration cycle 1 1 and a heat transferring device 20 
which is constituted by a thermosiphone for moving 
heat (heat conveying or heat conduction) between an 
intermediate heat exchanger 16, which is embedded in 
a heat insulating material 2, and a heat exchanger for 
cooling 21 , which is set in the vicinity of a rear wall of the 
freezing compartment 3. The refrigeration cycle 11 
comprises a compressor 12 for raising the temperature 
and the pressure of the flammable refrigerant to a high 
level, a condenser 13 for condensing (liquefying) the 
flammable refrigerant through heat exchange with air 
which flows therearound, a shut off valve 14, an expan- 
sion device (expansion device) 15 formed by a capillary 
tube or the like and for reducing the pressure of the 
flammable refrigerant while heat exchanging with the 
flammable refrigerant in a return pipe 17, an intermedi- 
ate heat exchanger 16 which is set inside the heat insu- 
lating material 2 and which also serves as an 
evaporator for the refrigeration cycle (for cooling a sec- 
ond refrigerant to evaporate the flammable refrigerant), 
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a return piping 17 which is set so as to be able to heat 
exchange with device, a check valve 18, a condenser 
13. a shut off valve 14, and a shut off valve 19 for 
defrosting for opening and closing a circuit which 
bypasses the expansion device 15 (capillary tubes or 
the like). Inside of the refrigeration cycle 11, a flamma- 
ble refrigerant (such as a mixed refrigerant of propane 
and isopropane) is sealed. In particular, the boiling point 
of the flammable refrigerant will be approximately that of 
the conventional CFC-12 when a refrigerant formed of a 
mixture of propane and isopropane is used as the flam- 
mable refrigerant, particularly when used is a mixed 
refrigerant of which mixture rate of propane and isopro- 
pane is about 40:60 in mass %, the cooling capacity will 
be approximately that of the conventional CFC-12. Inci- 
dentally, the reason why the intermediate heat 
exchanger 16 which also serves as an evaporator is set 
inside of the heat insulating material 2 is that the flam- 
mable refrigerant will be blocked out by the wall of the 
compartment 70 so that the flammable refrigerant will 
not intrude into the compartment 70 even if the flamma- 
ble refrigerant leaks out the evaporator. Therefore, it is 
not necessary to set (embed) the evaporator inside of 
the heat insulating material 2 when the refrigerator is 
constituted so that the flammable refrigerant cannot 
intrude into the compartment 70. 

On the other hand, inside of the heat transfer device 
20 of a thermosiphone or the like, a carbonic acid gas 
which is an inflammable refrigerant is sealed as a sec- 
ondary refrigerant, and a wick is provided inside of the 
piping. 

An electric part box 22 is provided on a top of the 
main body 1 of the refrigerator, in which a controller 23 
and a driving device 24 for the compressor are installed 
in a sealed manner. The controller 23 incorporates 
detected values from a refrigerant leakage detector 26, 
a temperature detector 25 for the heat exchanger 21 for 
cooling, a temperature detector 28 for the freezing com- 
partment 3 and a temperature detector 29 for the refrig- 
erating compartment 4 and controls the driving device 
24 for the compressor, the shut off valve 1 4. the shut off 
valve 19 for defrosting and a damper (not shown) or the 
like. In addition, the driving device 24 for the compres- 
sor turns on and off the compressor 12 and the fan 30. 
Consequently, the aforementioned electric part box 22 
sealingly accommodates the electric parts (controller 23 
and driving device 24 for the compressor) and is pro- 
vided on the top of the main body 1 of the refrigerator. 
Consequently, even if leakage of the flammable refriger- 
ant occurs at the outside, the propane and isopropane, 
which are heavier than air, will be collected at the lower 
part of the main body 1 of the refrigerator, so that the 
electric parts will be prevented from serving as an igni- 
tion source. The refrigerant leakage detector 26 detects 
the leaked flammable refrigerant collected at the lower 
part of the freezing compartment 3. The temperature 
detector 25 for the heat exchanger for cooling detects 
(measures) the temperature of the heat exchanger 21 
for cooling. In addition, the temperature detector 28 of 



the freezing compartment and the detector 29 of the 
refrigerating compartment respectively serve to detect 
(measure) the temperature of the freezing compartment 
3 and the refrigerating compartment 4. 

5 The refrigerant leakage display 27 displays the 

leakage of the refrigerant on the front surface of the 
refrigerator 1 when the refrigerant leakage detector 26 
detects leakage of the flammable refrigerant. The fan 30 
is an explosion-proof construction. The fan 30 serves to 

io allow air cooled by the heat exchanger for cooling 21 to 
flow along an air path 31. The air path 31 includes a 
suction port 32 for the freezing compartment 3, a suc- 
tion port 33 for the refrigerating compartment 4, a blow 
out port 34 for the freezing compartment 3 and a blow 

is out port 35 for the refrigerating compartment 4. 

As shown in Figure 2, the condenser 13 comprises 
a refrigerant path 38 which is formed by brazing 
together two metal plates 36 and 37 respectively having 
grooves of different curvatures or depths, an inlet 

20 header 39. a condensing portion 40. an outlet header 
41 . an inlet connecting part 42 and an outlet connecting 
part 43 expanded for connection with the refrigeration 
cycle 1 1 , and heat transfer promotion fins 44 and 45 cut 
and bent from the metal plates 36, 37 in opposite direc- 

25 tions. 

In the intermediate heat exchanger 16, a refrigerant 
path 48 and a secondary refrigerant path 49 are formed 
in an independent manner by brazing together two 
metal plates 46 and 47 as shown in Figure 3. The refrig- 

30 erant path 48 is provided with an inlet connecting part 
50 and an outlet connecting part 51 while the secondary 
refrigerant flow path 49 is provided with an inlet con- 
necting part 52 and an outlet connecting part 53. 

Operation of the refrigerator will be described. 

35 When the temperature detected by the temperature 
detector 28 for the freezing compartment 3 becomes 
equal to or greater than a first set temperature Tf 1 for 
the freezing compartment 3, or when the temperature 
detected by the temperature detector 29 for the refriger- 

40 ating compartment 4 becomes equal to the first set tem- 
perature Tc 1 for the refrigerating compartment 4. the 
shut off valve 14 is opened by the controller 23 and the 
compressor 12 and the fan 30 are driven via the driving 
device 24 for the compressor. The flammable refriger- 

45 ant, whose temperature and pressure have been raised 
to a high level by the compressor 12, is fed to the con- 
denser 13. As shown in Figure 2, the flammable refrig- 
erant which has entered into the inlet connecting part 42 
for the condenser 13 flows through the condensing part 

so 40. which is separated into a plurality of parts from the 
inlet header 36, and flows in a downward direction while 
exchanging heat with air that flows around the con- 
denser 13, to be condensed so that the flammable 
refrigerant flows together again at the outlet header 41 

55 and flows out as a liquid-like flammable refrigerant from 
the outlet connecting part 43. 

Thereafter, the liquid-like flammable refrigerant 
which has flowed out of the condenser 13 passes 
through the shut off vafve 14 and exchanges heat with 
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the flammable refrigerant in the return piping 17 at the 
expansion device 15 (capillary tubes or the like), its 
pressure is reduced, and the flammable refrigerant is 
sent to the intermediate heat exchanger 16. Flammable 
refrigerant in a mixed state of gas and liquid with a low 5 
temperature and a low pressure that has been sent from 
the expansion device 15 flows through the refrigerant 
path 48 in the intermediate heat exchanger 16, and 
cools the secondary refrigerant which flows through the 
refrigerant path 49 via metal plates 46 and 47 and is 
evaporated. The evaporated refrigerant exchanges heat 
with the expansion device 15 (capillary tubes or the like) 
in the return piping 17 and passes through the check 
valve 18 and returns to the compressor 12. 

The reason why the refrigerant in the return piping 
1 7 is allowed to heat exchange with the refrigerant in the 
expansion device 15 is to avoid the following problems. 
The temperature of the refrigerant in the return piping 
17 is low (sometimes -18°C). Thus when the refrigerant 
is fed to the compressor, the total eff iciency is reduced, 
and dew is deposited on the return piping 17. In partic- 
ular, the total efficiency is raised by raising the tempera- 
ture of the liquid refrigerant in the expansion device 1 5. 

Meanwhile, the secondary refrigerant which has 
been cooled by the flammable refrigerant at the inter- 
mediate heat exchanger 16 is condensed and falls 
down due to gravity. The secondary refrigerant is sent to 
the heat exchanger for cooling 21 to exchange heat with 
air which is fed by the fan 30 and is evaporated. Thus, 
after evaporation, the secondary refrigerant returns to 
the intermediate heat exchanger 16 again. Thus, a heat 
transferring device 20 constituted by thermosiphone is 
established. Air which has been cooled by the heat 
exchanger 21 for cooling is blown by the fan 30 to the 
compartment of which temperature is higher than the 
predetermined temperature. Specifically, when the tem- 
perature detected by the temperature detector 28 for the 
freezing compartment 3 is higher than the first set tem- 
perature Tf t thereof, the air is blown into the freezing 
compartment 3 from the blow out port 34 or when the 
temperature detected by the temperature detector 29 
for the refrigerating compartment 4 is higher than the 
first set temperature Tc-i thereof, the air is blown into the 
refrigerating compartment 4 from the blow out port 35 
by changing over the damper (not shown). When the 
detected temperature of the temperature detector 28 for 
the freezing compartment or of the temperature detec- 
tor 29 for the refrigerating compartment becomes equal 
to or less than the second set temperature Tf 2 for the 
freezing compartment and the second set temperature 
TC2 for the refrigerating compartment, the fan 30 is 
stopped by the controller 23 and the shut off valve 14 is 
closed. The compressor 12 continues to be operated 
during a first set time period of \ v However, since the 
flammable refrigerant is not being supplied to the inter- 
mediate heat exchanger 16, the pressure is lowered 
and the collected liquid-like flammable refrigerant is 
evaporated, so that the refrigerant is sent from the com- 
pressor 12 to the condenser 13. Thereafter, the refriger- 



ant is condensed and collected in the condenser 13 as 
liquid flammable refrigerant. After this, the operation of 
the compressor 12 is stopped. 

The controller 23 monitors the added operation 
time of the refrigeration cycle 1 1 to perform control so 
that an operation for removing frost is performed when 
the added operation time exceeds a second set time t 2 . 
In other words, when the added operation time exceeds 
the second set time t 2 . the compressor 20 is driven by 
the controller 23, and the shut off valve 1 9 for defrosting 
is opened. The flammable refrigerant, whose tempera- 
ture and pressure have risen to a high level, passes 
through the shut off valve 19 for defrosting to be sent to 
the intermediate heat exchanger 16 in a high tempera- 
ture state. The flammable refrigerant, whose tempera- 
ture and pressure have risen to a high level, heats the 
secondary refrigerant, in the intermediate heat 
exchanger 16 and part of the flammable refrigerant 
passes through the return piping 17 after becoming liq- 
uid flammable refrigerant. The secondary refrigerant, 
which has been heated by the intermediate heat 
exchanger 16. is evaporated and then melts frost which 
has stuck onto the heat exchanger 21 for cooling to be 
condensed. The condensed secondary refrigerant 
returns to the intermediate heat exchanger 16 by means 
of the wick provided in the piping of the heat transferring 
device 20 of thermosiphone or the like. 

Then when the temperature detected by the tem- 
perature detector 25 for the intermediate heat 
exchanger becomes equal to or greater than the set 
temperature Tm for the intermediate heat exchanger 
16, the shut off valve 19 is closed by the controller 23, 
and the compressor 12 is operated during a first set 
time t 1( and frost removal is completed after the flamma- 
ble refrigerant is recovered from the evaporator. 

Further, if the refrigerant leakage detects 26 
detects leakage of the flammable refrigerant, regardless 
of whether the refrigeration cycle 11 is in operation or in 
stopped operation, the shut off valve 14 is closed by the 
controller 23 and the compressor 12 is operated during 
a first set time of t-,. At the same time, the refrigerant 
leakage display 27 displays occurrence of leakage of 
the flammable refrigerant. After the compressor 12 is 
operated during the first set time ^ and the flammable 
refrigerant in the evaporator is recovered, the refrigera- 
tion cycle 1 1 becomes in a stopped condition regardless 
of the detected temperature of the temperature detector 
28 for the freezing compartment and the temperature 
detector 29 for the refrigerating compartment. 

As described above, in the embodiment, parts of 
the refrigeration cycle 1 1 which exist inside of the main 
body 1 of the refrigerator are only connecting pipes and 
the evaporator 16. Since these parts are embedded in 
the heat insulating material 2, the leakage amount of 
the flammable refrigerant to the cooling compartment is 
small, because even if the flammable refrigerant leaks 
out the evaporator 16 in some accident, the flammable 
refrigerant leaks into the inside of the heat insulating 
material 2, which is sealed off. In addition, because car- 
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bonic acid gas is used as a secondary refrigerant in the 
heat transferring device, there is little danger even if the 
secondary refrigerant leaks. 

Furthermore, if the refrigerant leakage detector 26 
detects flammable refrigerant which has leaked into, for 5 
example, the compartment 70, particularly in the freez- 
ing compartment 3, it is possible to arouse user's atten- 
tion by displaying the leakage of the flammable 
refrigerant on the refrigerant leakage display 27, which 
is provided on the surface of the main body of the refrig- 10 
erator 1 . In addition, in a stopped operation, the flamma- 
ble refrigerant within the refrigeration cycle is collected 
between the check valve 18. which faces the outside 
surface, and the shut off valve 14, so that the flammable 
refrigerant hardly leaks out even at a time when break- 75 
age in the piping inside of the main body 1 of the refrig- 
erator is occurred. Further, even when the flammable 
refrigerant leaks out to the inside (for example, to the 
compartment 70) of the refrigerator 1 for some reason, 
the flammable refrigerant leakage detector 26 detects 20 
the leakage of the flammable refrigerant and the flam- 
mable refrigerant is recovered to the side of the con- 
denser 13, so that the amount of refrigerant that leaks 
out to the inside of the main body of the refrigerator is 
small. 25 

Furthermore, since the refrigerant path 38 of the 
condenser 13, which requires the largest amount of the 
flammable refrigerant during operation, uses a gap 
between two plates 36, 37, the heat transferring area 
can be secured, the area of the refrigerant path 38 can 30 
be largely reduced, and further the sealed-in amount of 
the flammable refrigerant can be largely reduced. More- 
over, by making the flammable refrigerant flow from up 
to down, it is possible to reduce a collected amount of 
the liquid flammable refrigerant and a sealed-in amount 
of the flammable refrigerant. 

Further, also in the case where a non-azeotropic 
flammable refrigerant such as a mixture of propane and 
isopropane is used as a flammable refrigerant, a tem- 
perature gradient peculiar to the non-azeotrope can be 
efficiently used by allowing the flammable refrigerant in 
the condenser 13 to flow from above to below and by 
allowing an air stream in the condenser to flow from 
below to above, so that the power consumption of the 
refrigerator can be reduced. 

Further, frost is removed in the refrigeration cycle 
and the fan is formed of an explosion-proof construc- 
tion, so that ignition sources inside of the refrigerator 
can be removed. Further, by sealing off electric parts 
(the controller 23, compressor driving device 25 and the 
like) in the electric parts box on the top part of the refrig- 
erator, they cannot be an ignition source to the refriger- 
ant, because propane and isopropane are both heavier 
than air and are collected at the lower part of the refrig- 
erator even if the flammable refrigerant leaks out to the 
outside. 

Incidentally, in the aforementioned description there 
is described an embodiment in which the evaporator is 
embedded inside of the heat insulating material 2. How- 



12 

ever, the evaporator need not necessarily be embedded 
inside of the heat insulating material. The embodiment 
may be formed with a structure in which the flammable 
refrigerant that has leaked out the evaporator is pre- 
vented from intruding into the compartment 70. Further, 
with respect to the condenser 13, there is described an 
embodiment in which two metal plates provided with 
grooves having different curvatures or depths are lami- 
nated to each other, as shown in Figure 2. As shown in 
Figure 4, even when one of the metal plates is formed of 
a planar plate 37 having an infinite size of curvature, the 
embodiment can be embodied even though the sealed 
amount of refrigerant will be somewhat increased. In the 
case of this embodiment, the working of providing a 
groove in the metal plate 36 is required with respect to 
one of the metal plates, so that the working can be done 
easily and the cost thereof can be largely reduced. Fur- 
thermore, the condenser 13 may be constituted by a 
plurality of condensing parts, each of which two metal 
plates with grooves different curvatures are laminated, 
connected with each other by pipes. Further, in the 
refrigerant path 38 of the aforementioned embodiment, 
the cross section is made smaller toward the outlet of 
the refrigerant by changing the curvature in the direction 
of the refrigerant flow path so that the amount of flam- 
mable refrigerant which is sealed in is further reduced. 

A second embodiment of the condenser 13 will be 
explained by referring to Figure 5. In Figure 5; reference 
numeral 65 denotes a heat transferring pipe provided 
with fins (not shown) for enlarging the heat transferring 
surface and connected by bow parts 66. The end of the 
heat transferring pipe 65 is enlarged so that an inlet 
connecting pipe 68 provided on the downstream side of 
the air, an outlet connecting pipe 69 for the condenser 
provided on the upstream side of the air and bent pipes 
can be connected. Reference numeral 67 denotes a 
solid rod which is thinner than the internal diameter of 
the heat transferring pipe 65 and is inserted into the 
inside of the heat transferring pipe and fixed in place. 

Operation of the condenser 13 which is constituted 
in this manner will be explained. A gas refrigerant hav- 
ing a high temperature and a high pressure is supplied 
to the condenser 13 from the inlet connecting pipe 68. 
At this time, since the solid rod 67 is inserted into the 
inside of the heat transferring pipe 65, the refrigerant 
flows through a gap between the inside surface of the 
heat transferring pipe and the external periphery of the 
solid rod 67 while exchanging heat with the external air, 
and is discharged from the outlet connecting pipe 69. 
Meanwhile, air flowing around the periphery of the con- 
denser 13 flows in the direction of the inlet of the con- 
denser from the outlet of the condenser. Therefore, the 
cross section of the path of the refrigerant in the heat 
transferring pipe can be reduced in size without reduc- 
ing the size of the outside area of the heat transferring 
pipe, and the required amount of refrigerant in the con- 
denser 13 can be reduced. Furthermore, the flow rate of 
the refrigerant is increased, and the pressure loss is 
increased. However, the refrigerant has a high pres- 
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sure, and therefore, the fall in condense temperature 
due to pressure loss is low. Further, the flow direction of 
the air is set in the direction from the outlet for the refrig- 
erant to the inlet thereof, so that reduction in the heat 
transferring performance is hardly present because of 5 
the effect of the counter-current. On the contrary, the 
heat transferring performance is increased by an 
increase in the flow rate of the refrigerant at the time of 
the use of a mixed refrigerant, so that a refrigerator 
whose power consumption is low can be provided. 10 

Further, in the present embodiment, a solid rod with 
the same external diameter is used, but an effect of 
reducing the refrigerant amount can be provided by 
increasing the thickness of the rod toward the outlet, 
which has a high ratio of liquid refrigerant. Further, the 15 
heat transferring pipes 65 may be pipes with different 
diameters. 

Next, a second embodiment of the refrigerator will 
be explained by referring to Figure 6. In Figure 6, refer- 
ence numeral 54 denotes a heat transferring device in 20 
which an antifreezing solution is sealed. Reference 
numeral 55 denotes a liquid pump for circulating the 
antifreezing solution. The antifreezing solution may be 
any solution such as ethylenegrlcol or the like which do 
not freeze in a temperature range of the refrigerator. 25 
Incidentally, like numerals in Figure 6 denote like parts 
in Figure 1. 

By constituting the refrigerator in this manner, when 
the compressor 12 and the liquid pump 54 are driven by 
the controller 23, the temperature of the intermediate 30 
heat exchanger 16 is lowered in the refrigeration cycle 
11, and the cooled antifreezing solution is sent to the 
heat exchanger for cooling 21 by the liquid pump. After 
the solution cools air supplied by the fan 30 in the heat 
exchanger for cooling 21 , it returns to the intermediate 35 
heat exchanger 16. Heat transfer is performed. An oper- 
ation and advantages similar to the those of the first 
embodiment of the aforementioned refrigerator 1 can be 
obtained. Further, heat is transferred between the inter- 
mediate heat exchanger 16 and the heat exchanger for 40 
cooling 21 by the antifreezing solution and the liquid 
pump 55, so that the limitation on the installation place 
of the intermediate heat exchanger 16 and the heat 
exchanger for cooling 21 is eliminated. Therefore, the 
refrigeration cycle 1 1 can be concentrated in the lower 45 
part of the refrigerator, and the refrigerant amount in the 
refrigeration cycle can be further reduced because the 
connection piping can be shortened. 

A third embodiment of the refrigerator according to 
the present invention will be explained by referring to so 
Figures 7 and 8. In Figures 7 and 8, reference numeral 
56 denotes a motor driven expansion valve having a 
function of expansion device. Its degree of opening can 
be changed by the controller 23. Reference numeral 57 
denotes an evaporator in the refrigeration cycle 1 1 . One ss 
metal plate is provided with a groove of which cross sec- 
tion is enlarged toward the direction of the outlet for the 
refrigerant This metal plate is laminated to a cooling 
plate 58 which serves as a heat transferring device to 



form a refrigerant path. An inlet 57a for the evaporator 
and an outlet 57b for the evaporator are provided so that 
the flow of the refrigerant is set opposite to the air flow. 
Reference numeral 58a denotes a projection which is 
provided on the periphery of the heat radiating plate 
(cooling plate) 58 so as to enter the heat insulating 
material 2 and reference numeral 59 denotes cooling 
fins which serve as a heat exchanger for cooling which 
is provided on the heat radiating plate (cooling plate) 58. 
Reference numeral 60 denotes a temperature detector 
for the cooling fins, which detects the temperature of the 
cooling fins 59. Reference numeral 81 denotes a wall for 
forming the compartment 70. Like numerals in Figure 6 
denote like parts in Figure 1 . 

Operation of the refrigerator which is constituted in 
this manner will be explained. As in the first embodi- 
ment of the refrigerator 1, when the temperature 
detected by the temperature detector 28 for the freezing 
compartment 3 becomes equal to or greater than the 
first set temperature Tf t for the freezing compartment, 
or the temperature detected by the temperature detec- 
tor 29 for the refrigerating compartment 4 becomes 
equal to or greater than the first set temperature Tc^ for 
the refrigerating compartment 4, the motor-driven 
expansion valve 56 is controlled to the set opening 
degree by the controller 23, and the compressor 12 and 
the fan 30 are driven. After the refrigerant, whose tem- 
perature and pressure has been raised to a high level by 
the compressor 12, is sent to the condenser 13 and is 
condensed to be the liquid refrigerant, the refrigerant is 
reduced in pressure by the motor-driven expansion 
valve 56. Furthermore, the refrigerant is reduced in 
pressure while exchanging heat with the refrigerant in 
the return piping 17 at the expansion device 15 of capil- 
lary tubes or the like. Then the refrigerant is supplied to 
the evaporator 57 to cool the cooling plate 58 and to be 
evaporated. The evaporated refrigerant exchanges heat 
with the refrigerant in the return piping 17 at the expan- 
sion device 15 passes through the check valve 18 and 
returns to a compressor 12, thereby constituting a 
refrigeration cycle. Meanwhile, the cooling plate 58, 
which is cooled by the evaporator 57, cools the air by 
means of the cooling fins 59. When the temperature 
detected by the temperature detector 28 for the freezing 
compartment or by the detector 29 for the refrigerating 
compartment is higher than the respective set values, 
for example, when the temperature detected by the 
detector 28 for the freezing compartment 3 is higher 
than the first set temperature Tf 1 , the cooled air is blown 
by the fan 30 into the freezing compartment 3 from the 
outlet 34 of the freezing compartment 3 to cool the 
inside. Here, when the temperature detected by the 
detector 28 for the freezing compartment 3 or by the 
detector 29 for the refrigerating compartment 4 
becomes equal to or less than the second set tempera- 
ture Tf 2 for the freezing compartment 3 or the second 
set temperature TC2 for the refrigerating compartment, 
the fan 30 is stopped by the controller 23 and the motor- 
driven expansion valve 56 is completely closed. The 
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operation of the compressor 1 2 is further continued dur- 
ing the first set time t v However, since the flammable 
refrigerant is not supplied to the evaporator 57, the pres- 
sure is lowered and the liquid flammable refrigerant 
which is collected is evaporated and is sent from the 
compressor 12 to the condenser 13. Thereafter, the 
flammable refrigerant is condensed and collected in the 
condenser 3 as a liquid flammable refrigerant. After 
that, the operation of the compressor 12 is stopped. 

Furthermore, if the refrigerant leakage detector 26 
detects leakage of the flammable refrigerant the motor- 
driven expansion valve 56 is completely closed and the 
compressor 12 is operated during the first set time ^ 
irrespective of whether the refrigeration cycle 11 is in 
operation or stopped. At the same time, the refrigerant 
leakage display 27 displays that leakage of the flamma- 
ble refrigerant has occurred. After the compressor 12 is 
operated during the first set time t-j and the flammable 
refrigerant in the evaporator 57 is recovered, the refrig- 
eration cycle 1 1 becomes stopped independent of the 
temperature detected by the detector 28 for the freezing 
compartment and by the detector 29 for the refrigerating 
compartment. 

When the operation time of the refrigeration cycle 

1 1 exceeds a third set time t3, the motor-driven expan- 
sion valve 56 is completely opened and the compressor 

12 is driven by the controller 23 to perform a defrosting 
operation. The flammable refrigerant, whose tempera- 
ture and pressure have been raised to a high level by 
the compressor 12, partially radiates heat at the com- 
pressor 12 and is sent to the expansion device 15 of 
capillary tubes or the like via the motor-driven expan- 
sion valve 56. Since the motor-driven expansion valve 
56 is completely opened at this time, the pressure 
reduction is small. The pressure of the flammable refrig- 
erant in the condenser 13 is low and the heat radiation 
amount in the condenser 13 is small. The flammable 
refrigerant, whose pressure has been slightly reduced 
at the expansion device 15 of capillary tubes or the like, 
is sent to the evaporator 57, and the refrigerant is con- 
densed by melting frost which has stuck to the cooling 
fins 59 through the cooling plate 58. Then part of the 
flammable refrigerant becomes liquid refrigerant to 
return to the compressor 12 via a return piping 17 to 
perform the operation of removing frost. When the tem- 
perature detected by the temperature detector 60 of the 
cooling fins exceeds the set temperature Tn of the cool- 
ing fins, the motor-driven expansion valve 56 is com- 
pletely closed and the compressor 12 is stopped after 
the flammable refrigerant in the evaporator 57 is recov- 
ered, thereby completing the defrosting operation. 

In the third embodiment which has been described 
above, an advantages similar to those of the first and 
the second embodiment can be obtained. Further, the 
secondary refrigerant is not needed, and the heat trans- 
ferring device can be reduced in size. In addition, the 
frost-removing shut off valve 19 is not required because 
of the use of the motor-driven expansion valve 56 of 
which opening degree is variable, and the refrigeration 



cycle also can be reduced in size. The same advan- 
tages also can be provided when the motor-driven 
expansion valve 56 is used in the first or the second 
embodiment. Furthermore, because of the projection 

5 58a that is provided on the periphery of the cooling plate 
(heat radiating plate) 58 and enters the inside of the 
heat insulating plate 2. leakage of the flammable refrig- 
erant to inside of the main body 1 of the refrigerator 
never occurs even when the flammable refrigerant leaks 

w out the evaporator 57. In addition, the temperature gra- 
dient of the mixed flammable refrigerant at the time of 
evaporation can be efficiently used by setting the flow of 
the flammable refrigerant in the evaporator 57 opposite 
to the air stream, so that the power consumption of the 

75 refrigerator can be reduced. 

A fourth embodiment of the refrigerator according 
to the present invention will be explained by referring to 
Figures 9 and 10. In Figure 9, reference numeral 61 
denotes a refrigerant recovery cylinder which is con- 

20 nected from the outlet of the condenser 1 3 via a shut off 
valve 62 for recovery and the inside thereof is substan- 
tially vacuum. Reference numeral 63 denotes an out- 
side refrigerant leakage detector, and 64 denotes a 
refrigerant recovery switch provided on the controller 

25 23. The outside refrigerant leakage detector 63 detects 
leakage of the refrigerant (flammable refrigerant) to the 
outside. When the flammable refrigerant is either pro- 
pane or isopropane and it leaks out to the outside, the 
refrigerant will be collected at the lower part of the main 

30 body 1 of the refrigerator, since propane and isopro- 
pane are both heavier than air. Thus it is desirable that 
the outside refrigerant leakage detector 63 be set in the 
lower part of the main body 1 of the refrigerator. Inciden- 
tally, like numerals in Figures 1, 6 and 7 denote like 

35 parts. 

Operation of the refrigerator which is constituted in 
the aforementioned manner will be explained. The cool- 
ing operation of the refrigerator 1 is the same as the first 
and the third embodiments. When the refrigerant leak- 

40 age detector 26 or the outside refrigerant detector 63 
detects leakage of the refrigerant (time to), the controller 
23 closes the shut off valve 14 and operates the com- 
pressor 12 during a fourth set time (time t 4 ). regardless 
of whether the refrigeration cycle is in operation or 

45 stopped, so that the refrigerant in the refrigeration cycle 
is recovered into the condenser 13 as a high pressure 
liquid refrigerant. After the compressor 12 is operated 
for the fourth set time (time t 4 ), the recovery shut off 
valve 62 is opened for a fifth set time (time t5) so that the 

so refrigerant which has been collected in the condenser 
13 flows into the refrigerant recovery cylinder 61 
because of a pressure difference. After the lapse of the 
fifth set time (time t5), the recovery shut off valve 62 is 
closed, and the compressor 12 is stopped. Then the 

55 recovery operation is stopped. Consequently, an 
amount of refrigerant which remains in the refrigeration 
cycle is small, and an amount of refrigerant which leaks 
out to the outside from the refrigeration cycle is a little. 
Then, the same operation as at the time of detecting the 
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refrigerant leakage is performed by pressing down the 
refrigerant recovery switch 64. Consequently, the refrig- 
erant can be recovered without requiring a special pro- 
cedure even when a need arises to recover the 
refrigerant at the time of discarding the refrigerator. 

In this embodiment, the refrigerant recovery cylin- 
der 61 is connected to the outlet of the condenser 13 of 
the refrigeration cycle 11. The connection position may 
be located on the high pressure side from the outlet of 
the compressor 13 to device (expansion device) 15. In 
addition, in this embodiment, the refrigerant recovery 
cylinder 61 which is set in a vacuum state is used. A 
material which can adsorb HC type refrigerants, such as 
activated carbon or the like, may be sealed in the refrig- 
erant recovery cylinder 61. In such a case, the refriger- 
ant recovery rate can be improved by the material. 

In the present embodiment, the recovery of the 
flammable refrigerant will be explained. It is clear that 
the refrigerant need not necessarily be limited to a flam- 
mable refrigerant. 

Claims 



ment (70). 

7. A refrigerator according to one of the preceding 
claims, characterized in that shut off means (14) is 

5 provided for controlling the flow of said flammable 

refrigerant flowing from said condenser (1 3) to said 
expansion device (15, 56). 

8. A refrigerator according to one of the preceding 
io claims, characterized in that checking means (18) is 

provided for preventing said flammable refrigerant 
in said compressor (12) from reversely flowing to 
said evaporator (16, 57). 

75 9. A refrigerator according to one of the preceding 
claims, characterized in that said refrigeration cycle 
(1 1) is structured so that at least flammable refriger- 
ant held in said evaporator (16, 57) is recovered into 
said condenser (13) or into a refrigerant recovery 
cylinder (61). 



20 



1. 



2. 



A refrigerator comprising a compressor (12), a con- 
denser (13), an expansion device (15; 56), and an 
evaporator (16; 57) which are functionally con- 
nected to each other, by a refrigeration cycle (1 1) in 
which a flammable refrigerant is sealed, character- 
ized in that heat transferring means (20, 54; 58, 59) 
is provided for transferring heat obtained from a 
heat exchanger (21 ; 59) tor cooling air in a compart- 
ment (70) to said evaporator (16; 57). 

A refrigerator according to claim 1, characterized in 
that said evaporator (16; 57) is embedded in a heat 
insulating material (2). 



4. 



5. 



25 



30 



35 



A refrigerator according to claim 1 or 2, character- 
ized in that said heat transferring means (20) is 
formed by a thermosiphone (16, 21). 40 

A refrigerator according to one of the claims 1 to 3. 
characterized in that a bottommost part of said heat 
exchanger (21) is located at a position lower than a 
bottommost part of said evaporator (16). 45 

A refrigerator according to claim 1 or 2, character- 
ized in that said heat transferring means (54) is 
formed by an antifreezing solution circulating sys- 
tem (16, 21 , 55) in which an antifreezing solution is so 
circulated. 

A refrigerator according to claim 1 or 2, character- 
ized in that said heat transferring means comprises 
the evaporator (57) having a flow path (57a, 57b) for 55 
said flammable refrigerant formed on the surface 
opposite to said compartment (70) of a cooling 
plate (58) carrying at least one cooling and heat 
radiating member (59) extending into the compart- 



10. A refrigerator according to one of the preceding 
claims, characterized in that refrigerant leakage 
detecting means (26, 63) is provided for detecting 
leakage of the flammable refrigerant to the com- 
partment (70) or to the outside. 

11. A refrigerator according to claim 10, characterized 
in that a controller (23) is provided for controlling so 
that when said refrigerant leakage detecting means 
(26, 63) detects leakage of the flammable refriger- 
ant, said shut off means (14) is closed and opera- 
tion of said compressor (12) is stopped after a 
predetermined time is lapsed from the closure of 
said shut off means (14). 

12. A refrigerator according to claim 10 or 1 1 , charac- 
terized in that a refrigerant leakage display (27) is 
provided for displaying the leakage of the flamma- 
ble refrigerant which is detected by said refrigerant 
leakage detecting means (26). 



13. A refrigerator according to one of the preceding 
claims, characterized in that the condenser (13) 
comprises an inlet (42) for refrigerant, an outlet (43) 
for refrigerant, a refrigerant path (38) which com- 
municates from the inlet (42) to said outlet (43), and 
cooling promotion fins (44, 45) for promoting cool- 
ing of the refrigerant in said refrigerant path (38), 
wherein said refrigerant path (38) is formed by two 
curved surfaces of different curvatures one of which 
includes an infinite curvature. 

14. A refrigerator according to claim 13, characterized 
in that said refrigerant path (38) is formed by braz- 
ing together two metal plates (36. 37) respectively 
having grooves of different curvatures. 

15. A refrigerator according to claims 13 or 14, charac- 
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terized in that said refrigerant path (38) has a cross 
section which is reduced in size toward the outlet 
(43) for refrigerant. 

16. A refrigerator according to one of the preceding 5 
claims, characterized in that electric parts which 
serve as ignition sources are accommodated in a 
sealed vessel (22), and the sealed vessel (22) is set 

in the vicinity of the top part of the refrigerator. 

70 

17. A refrigerator according to the preceding claims, 
characterized in that said refrigeration cycle per- 
forms defrosting operation. 

18. A refrigerator according to the preceding claims. 75 
characterized in that a fan set (30) in the compart- 
ment (70) has an explosion-proof structure. 

19. Condenser comprising an inlet (42) for refrigerant, 

an outlet (43) for refrigerant, a refrigerant path (38) 20 
which communicates from said inlet (42) to said 
outlet (43), and cooling promotion fins (44, 45) for 
promoting cooling of the refrigerant in the refriger- 
ant path (38), and said refrigerant path (38) is 
formed by two curved surfaces of two different 25 
kinds of curvatures one of which includes an infinite 
curvature. 
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(54) Refrigerator 

(57) In a refrigerator, an intermediate heat 
exchanger (16) as an evaporator in the refrigeration 
cycle (1 1) in which a flammable refrigerant is sealed is 
provided inside of a heat insulating material (2). A heat 
transferring device is provided between the intermedi- 
ate heat exchanger (16) and a heat exchanger (31) for 
cooling. At the time of stop and occurrence of the refrig- 
erant leakage, the refrigerant inside of the intermediate 
heat exchanger (16) is recovered into the condenser 
(13) or into the refrigerant recovery cylinder (61) so that 
even if the refrigerant leaks out, a leaked amount of the 
refrigerant into the refrigerator is reduced. 
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